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XIX. The Cathode Fall from Hot Carbon. By Professor 
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Presid~licy College, Calcutta; formerly 1851 Exhibition 
Research Scholar, Cavendlsh Laboratory, Cambridge % 
T HE experiments described in the present paper were undertaken i continuation of the work already com- 
municated to this Magazine (Dec. 1902, p. 684). For that 
work a platinmn-wire grating through which a heating 
current could be passed was used as electrode. But it was 
ibund that platinum became soft, and finally fused just at a 
critically interesting stage in tho transformations of" the 
discharge, it was therefore natural to turn to carbon as 
the most infusible material. This required the exclusion of 
oxygen from the gas employed'~ It entailed ~of coats% also 
considerably~ , greater difflculty in the makin~ of the apparatus. 
The discharge-tube consisted of a stout glass tube 60 centi- 
metres long and 25 cms. internal diameter, kept in a horizontal 
position. Near the middle of this there were attached two side- 
tubes which served to hold the fixed electrodes (& and K) at a 
distance of 10"1 cms. apart along the axis of the dlscharge-tube 
(fig. 1). A third narrow tube made connexion with t e Tiipler 
pmnp, McLeod gauge, and a three-way tap, which served for 
the introduction offresh supplies of gas and to cut off connexion 
with the mercury of the pump when not in use, so as to 
minimise the diffusion of mercury vapour into the discharge- 
tube. Round the cathode the tube was expanded to a 
diameter of 3"8 cms. internally. The central portion of the 
Communicated by Prof. J. J. Thomson. 
Phil. 35tg. S. 6. Vol. 9. No. 50. Feb, 1905. O 
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194 Prof. J. A. Cunningham on the 
discharge-tube with side-tubes and movable electrodes is 
drawn to scale in fig. 1. The potential at any point along 
Fig. 1. rill 
the axis of the discharge was obtained by means of two thin 
platinum-wire electrodes (B and C) 1 ram. apart, which were 
carried by a sliding-piece eonsisging of two eylindrical portions 
2"4 eros. in external diameter, joined together by a narrow 
glass tube "22 eros. long, which lay along the bottom of the 
discharge-tube. This was regarded as the arrangement least 
likely to produce a disturbance of the discharge as it was slid 
along from place to place. This anticipation was fully justified 
during the course of the experiments. Not the slightest dis- 
turbance of the discharge was noticeable xcept with very 
small currents, when the discharge was often found to wander 
about on the cathode ven when the movable lectrodes were at 
rest. All such results have been rejected. 
The platinum wires from the electrodes B and C passed 
along the centre of the narrow connecting tube of the movable 
portion (S S), and were welded into copper wires which were 
twisted into spirals to allow of free movement, and were again 
t'uscd into platinum wires passing through the ends of the 
discharge-tube. The whole structure S S carrying the elec- 
trodes B and C was moved along to any desired place by 
means of a horseshoe lectromagnet acting on the iron ring 
M sprung into one of the expanded ends. A millimetre- 
scale was attached to the side of the discharge-tube at D, 
and served to fix the position of the intermediate electrodes. 
The use o~ the two moving electrodes was tbund distinctly 
advantageous. The one (O) nearest to the cathode was con- 
nected to one terminal of a Kelvin multicellular voltmeter 
whose other terminal was connected with the cathode. 
Similarly the potential-difference b tween the anode A and 
the electrode B nearest it was obtainedby means of an 
Ayrton & Mather electrostatic voltmeter reading from 100 
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Cathode l/'a, ll /~'om ttot Carbon. 195 
to 300 volts. At the same time a Braun electroscope was 
kept connected across tile fixed electrodes as a check on the 
total potential-difference. 
The discharge was maintaiuett by 500 small secondary cells 
(Messrs. W. G. Rye & Co.'s large capacity type). A variable 
resistance consisting of cadmium electrodes dipping into a 
solution of cadmium iodide in amyl alcohol in a U-tube was 
included in the circuit ; and by its means the current could be 
regulated with great precision with the aid of a fine adjustment. 
A telephone was "dso in series to make sure of a steady 
discharge. The current was measured by shunting an 
Ayrton & Mather D'Arsonval galvanometer across a vari- 
able and known resistance in the main circuit. In the 
follo~ving tables and curves the deflexions obtained wi~h ~he 
difti~,rent shfints have ~ll been reduced to the equivalent 
deflexions of the one particular shunt (17 cms. of platinoid 
wire) which came in for the lqrgest share of use. With it a 
deflexion of '28"75 cms. corresponded to a current of 10 -a 
ampere, which is therefore the factor for converting all the 
deflexions given below into amperes. 
The anode A consisted of a short carbon filament bent into 
tl,e form of h simple hovp. The cathode was made of" a 
carbon filament of approxima~:ely circular section 1 ram. in 
diameter. Its total length was 6"5 cms., bent into the shape 
and dimensions represented in fig. 1, K. From these dimen- 
sions its total surs may be estimated at about 2"05 sq. cms. 
It  was ascertained, by making the movable electrodes pass 
through the middle hoop, that the electric field was symme- 
trical on the iwo thees of the cathode. 
The heating of this electrode was accomplished by means 
of a current supplied from a battery of portable storage-cells 
which were placed on a platform supported by paraffin blocks, 
so that the whole system was completely insulated. The 
current cotfld be ~,aried from nothing up to 6 amperes, and 
accurately adjusted to keep the temperature constant by 
means of a very convenient form of rheostat similar to that 
described by Mr. Se~n-le in the Phil. Nag. July, 1903. It 
was noticed that if a certain current raised the filament to 
any particular high temperature before or after the discharge, 
then, while the discharge was passing~ it was necessary to 
ira-reuse the current hrough the electrode in order to maintain 
tlw same temperature, i. e. to prevent its resis~ance increasing. 
This seems to indic'~te that the surrounding as on becoming 
ionized, and so a conductor ot~ electricity, becomes at the 
same time a 1)etter conductor or " convector " of heat, and so 
helps to cool down the slowing electrode. Or, in other 
~ 'O2 
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196 Prof. J. A. Cunningham on the 
words, some of the energy supplied to the cathode as a 
heating current is consmned in aiding the cathode to dis- 
charge negative electricity. Mr. O. W. Richardson* has 
shown that this is a very considerable quantity, increasing 
rapidly with increasing temperature. This view is also sup- 
ported by the results shown in fig. 4, where it is evident 
that it requires far less electrical potential to extract a large 
supply of corpuscles out of the cathode at a high than at a 
low temperature. I hope to put this matter to the test of 
further experiments specially arranged tbr that purpose. 
It  was noticed that at a low temperature, on the other hand, 
the starting of the discharge through the gas at once heated 
up the cathode to a temperature stimated at from 100 ~ to 
250~ resistance of the carbon diminishing to as low as 
0"92 of its value when cold--belng markedly warmer with 
increased current. I t  was, of course, in this way that t I ittorf t
heated up an iridium electrode to a bright yellow heat. He 
also (loc. cit. p. 128) showed that there was enough heat 
developed in different parts of the discharge to heat up 
mercury thermometers placed in its path, and this heating 
increased as the cathode was approached. E. Wiedemann +
estimated the temperature of the gas molecules carrying a 
current at from about 70 ~ to about 86,000 ~ , according to 
the diameter of the discharge-tube, being inversely pro- 
portional to the cross-sectional rea for a constant current. 
The temperature at different points along the discharge 
was very carefully measured by R. W. Woodw who 
also found the temperature developed proportional to the 
current, ceteris paribus. For g current of "001 ampere at a 
gas-pressure o[ 1"5 ram. it was about 32 ~ in the positive 
colunm. And in all cases he too found the temperature 
increasing very rapidly towards the cathode ; so that it may 
be estimated irom his curves at anywhere between 100 ~ and 
300 ~ at the surface of the cathode. The distribution is 
exactly what was to be expected from the curves of potential 
gradient, to which the heat developed should evidently be 
proportional, since the same current flows across every section 
of the dlscharge-tube. 
The temperature of the hot electrode was determined by 
including it as one arm of a Whcatstone's bridge, and so 
measuring its resistance. The second arm of the Wheatstone's 
bridge which had to carry the heating current consisted of a 
* Phil. Trans. A, vol. cci. p. 500 (1903). 
t Wied. Ann. vol. xxi. p. 90 (1884). 
I Ibid. vol. vi. p. 298 (1879). 
w Ibid. vo]. lix. p. 238 (1896). 
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Cathode ball from lIot Carbon. 197 
coil of thiek wire (resistance =1"245 ohms) immersed in an 
oil-bath of large ('apacity. This served as the standard of 
comparison for the resisttmee of the filament. To get the 
resistance when cold, the current from one Leehmeh5 cell was 
used by moment;~,rily depressing a key. It was foun(l that 
when working at high temperatures the resistance of the cold 
electrode steadily incre~lsed (from 7"91 to 8"75 ohms dm'ing 
five weeks' continuous work--tet~ to twelve hours a day). 
Instead of the actual resistance as mei~sured, I have theretbre 
throughout the present paper calculated its ratio (R on the 
curves) to the resistance of the filament measured imme- 
di'ttely hetbre and after. This has the filrther convenience 
of being directly referable to the temperature determinations 
of Le Chatelier e, obtained by a photonletrie comparison and 
generally accepted as the most satisfactory determination of 
the glowing carbon filaments that has been made "f. 
Beibre starting elect,'ical measurements the discharge-tut)(~ 
was pumped out to 1 of a millimetre, and both filaments ]gg 
eautioush, heated up to redness, Imlnping being continued 
all the time. The apparatus was then slowly filled with 
nitrogen (prepared by the action of potassium nitrite on 
ammonimn chlnride), and again pumped down to the lowest 
possible degree accompanied by the heating of the filaments 
9 " r *~4 to a still higher temperature. ]:his process was repeated four 
times: A pocket-spectroscope showed the nitrogen lines only. 
It was originally intended to use also hydrogen and other 
gases, but the apparatus cracked at the high temperature 
reached in the last experiments with nitrogen. 
All workers with carbon at low pressures have had trouble 
on account of its occlusion of gases. Pros J. J. Thomson:~ 
tbund that so long as a carbon filament continued to give 
off gas, it gave a positive leak with ahnost greater facility 
than a negvMve leak. This irregularity was not got rid of 
until the occluded gas was expelled, after which it gave a 
negative leak only, even at comparatively ow temperatures. 
By virtue of the high potentials used in my experiments, 
this diificultv did not present i self in the same form, and the 
following o[)servations may even throw some light on the 
manner of those irregularities. 
With a carbon cathode, it was fi)und that an enormous 
qu~mtity of nitrogen was absorbed during the passage of the 
~* Journal de Physique, ~).me sgrie, vol. i. p. 203. 
j" Cy'. E. Blaker, Phys. Rev. vol. xiii. p. 345 (1901), whose summary I 
have had to make useof, as the Journal de Physique is not available'in 
Calcutta. 
]: Phil. Mug. vol. xhiii, p. 547 (1899). 
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198 Prof. J. A. Cunningham on tile 
discharge so long as tile cathode was below a bright yellow 
heat, and apparently most rapidly at a dull red. When, how- 
ever, the filament was heated to whiteness, the gas began 
slowly to come out, only to go back again as soon as the 
temperature f ll. The pressure remained practically quite 
constant over a range of about 1250 ~ to 1360 ~ with currents 
varying from i to 2 milliamperes. At lower temperatures 
fresh ~gas had to be admitted three times; and at higher 
temperatures it had to he pmnped out before equilibrium was 
established and a fi~irh, steady pressure maintained. If, on 
the other hand, the discharge was stopped, the gas began to 
be evolved at all temperatures above redness. I f  now this 
filament, after being used for some time as cathode, was made 
the anode, the rate of giving off gas was greatly increased at 
all temperatures down to coldness. And it was further re- 
markabie that the power at my disposal (1050 volts) was able 
to send a discharge through this evolved gas at a pressure 
three times as high as it could when the gas was freshly 
prepared. It would therefore appear that it was in the 
process of helping out the corpuscles* that the positive 
atoms of the gas got entangled in the carbon cathode, and 
that a certain number of them even re• their ionic 
character on getting released. 
A large number of measurements were made with cold 
electrodes and small current-densities, and the results obtained 
were in substantial agreement with those of the numerous 
workers (especially Hittorf, Warburg, Graham, H. A. Wilson, 
and C. A. Skinner) who have investigated the various phe- 
nomena associated with the discharge in a vacuum-tube. 
Such results need not be related in detail, but they served to 
show that neither the carbon electrodes nor any other part 
of my apparatus differed in any essential point from those used 
by other experimenters. 
One point of difference, on the other hand, I might perhaps 
mention, viz., tha~ in my experiments with a striated positive 
column I invariably tbund that a sudden rise of potential 
took place to the cathode side of each bright band, succeeded 
towards the anode by a region of very small potentiM-gradient 
until the next stria was reached, and accompanied by another 
sudden step up of potential. The same sort of thing is fo be 
noticed in one of' Wilson's t curves for a striated positive 
column in nitrogen ; but in general, both his and Graham's$ 
* Cf. tt. A. Wilson, Phil. Trans. A, vol. ccii. p. 243, and J..1. Thomson, 
'Conduction ofElectricity through Gases,' p. 480 (Cambridge, ]903). 
? Phil. Mag. June 1900, p. 511. 
$ Wied..Ann. vol. lxiv. p. 69 (]898). 
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Cathode Fall fl'om Hot Carbon. 199 
curves show a much more gradual maximmu intensi.~y towards 
the middle of the brigh~ band succeeded by a slightly lower 
minimmn in the d-:rk space. This diffbrence is probably due 
to the composite nature of the strim in ~tir and other mixed 
gases, amt is accompanied by a difference in the ai)pe'trance 
of the stri~e. ]n those here alluded to, the strise presented a 
sharp edge of n:lflxilnunl brightness towards ~he cathode, just 
i~f~'out of which bright part the sudden rise oE potel'ltial 
occurred. The brightness then shaded off gradually towards 
the anode, and only became quite dark at a short distance in 
front of the next st ria. 
From the in dieations of my previous work, I w;~ sencouraged 
te pay special attention to the influence of increased current 
on the distribution of potential along the discharge. The 
first method of observation was to place the intermediate 
electrodes at any particular point, and then, keeping the 
temperature of the cathode accurately constant, to vary the 
current through ;,s wide a range as it was possible to obtain 
a steady discharge with, and-simultaneously to record the 
differences of potential. By doing' this for a series of points 
600 
k,. 
~500 
r 
Fig. ~. 
Temperature--ll40 ~ t'ressure=0"55 ram. 
f 
5/ 
7 
I 
I0 15 20 25 
CURRE>/ 7 
.along the discharge and plottin~ the results as in fl~ 9. ;+ 
was thence possible to plot Che distribution of.potential along 
f he discharge for a series of different values of the current, 
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200 Prof. J. A. Cunningham on the 
as in fig. 3. From these curves, for a temperature of about~ 
1140 ~ C., we see that the effect of increasing the current is to 
continuously increase the steepness of the potential-gradient 
at the cathode, and at the same time steadily to drive back 
Fig'. 3. 
R.r _.626 Temperature ~ -- (-- 1140 ~ C.) Pressure  = 0"55 ram.  
500 
e. 
400 ~ . , 
Lg/SrANCE Oe SCRtE(C~:>JOOE Ar d~/O..O iCNODE ~r d :O.8 ,:'ms 
the positive column towards the anode. Exactly similar 
results were obtained at other temperatures. This driving 
back of the positive column was observed by Skinner*. It 
is also exemplified for high temperatures in Table L, where 
the bright bands seemed to disappear into the cathode. 
My principal attention was, however, given to variations in 
value of the Cathode Fall of Potential accompanying changes 
in the current through the tube, and in the temperature of
the cathode. Such a series of measurements is plotted in 
fig. 4 (p. 202), which shows the connexion between current 
and cathode'fail for a number of high temperatures. (On the 
same scale all those for lower temperatures would be crowded 
together as almost vertical lines, making only a very small 
angle with the axis of potential. In order to be able to 
include the measurements at the highest temperature~ I have 
had to contract the axis of current by cutting out certain 
portions along which the slope of the curve was practically 
uniform.) The ratios of the resistances of the filament hot to 
Phil. Maff. [5] vol. 1. p. 563 (1900). 
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Cathode _Fall.from Hot Carbon. 201 
its value cold, marked (R) on the curves, correspond approxi- 
mately to temperatures ~ of 1300 ~ 1450 ~ 1470 ~ 1510 ~ and 
1670 ~ respectively from left, to r ight on the diagram. 
TABLE I .  
~um~r 
T~np. Pressure Cathode- P.D. in ofequi- Fall rest of 
Ro" ram. DeflexionJ Tube distant 
observed. 28"75----10-3A. (C--K). (A--B). BrightBands. 
9 552 0"38 16"6 56'3 (20) 123 5 
22"5 76"5 (80) 117 4 
26"0 88'3 200 97 3 
27 '6 94'0 312 (90) 289 
29"0 98"6 380 (60) 2 
31"1 105"8 460 1~ 
37'7 128"3 606 ~ 
9 555 0-38 32"15 199'3 5!5 1~ 
36'5 123'8 583 
42"5 144'7 663 
52"0 176'8 727 ., .t 
"519 0"45 11"3 316 125 5 
2O'3 568 250 95 3 
27'7 776 28[) (95) 289 
35"8 988 315 2 
9 541 0"40 7"2 201"6 (10) 103 4 
9"1 249 300 9O 2 
11'4 319 550 1 
9 566 0"56 14"4 14'4 150 ]00 6 
19'8 19'8 270 98 5 
24"7 24"7 398 97 4 
29"1 29'1 461 97 3 
Current .  
These curves show a remarkable ~o'eneral resemblance 
(though on a much larger scale with respect to current) to 
those characteristic of all conduction through gases (e. g. to 
that produced by ultra-violet l ight striking a metal immersed 
in the gas), where we first attain a saturation current ;  and 
then, on further increasing the P.D.,  we find greater con- 
ductivity produced as the result of the ionizing collisions of 
the negative ions. But this is just the stage which is ordi- 
nari ly regarded as initiating the luminous discharge. We 
have then here evidently reached a region of rapidly 
increasing ionization by collision, though such ionization 
must have been going on even during this comparatively 
" saturated"  current (represented by the steep portions in 
Extracted from Blaker's r$sumd of Le Chatelier's results~ loc. cir. 
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Cathode Fall from Hot Carbo~. 203 
fig. 4) corresponding with normal cathode=tkll, and in the 
case of low temperatures even before it. The complete 
cnrrent-P,D, curve/0r a gas at low pressure would thus he 
represented iagrammatically in fig. 5, where the abseiss~ 
have a much greater proportional value for large currents 
than can be shown on the same figure without crowding the 
initial s~ages out of recognition. OA represents the first 
stage before all the ions are used in carrying the current, as 
they are in AB. From B to C new ions are produced, and 
Fig. 5. 
~-, 9 !C 
F 
~'RE/Y  T 
when their number reaches a certain value (C) the luminous 
discharge sets in and continues with constant cathode-fall 
along CD. As soon as the cathode is covered (D) the cathode- 
fall begins to rise again until (E) the current attains a second 
stage of saturation EF followed by a further increase of con- 
ductivity FG. At high temperatures~ the first saturation 
stage (AB) is realized at a much smaller P.D. owing to the 
discharge of corpl~seles from the cathode. The details of the 
early part of the diagram are accompanied by too small 
currents to be measurable by a galvanometer, and they have 
been completely studied by Townsend and others. They 
constitute the first "dark discharge;" and we have now 
second dark discharge with very large cm'rents when the 
positive colmnn, and finally also the negative glow (only 
actually observed at high temperatures), is driven back upon 
the anode. The common characteristic of these two dark 
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 A
riz
on
a] 
at 
04
:23
 09
 Ju
ne
 20
16
 
"20~ Prof. J. A. Cunningham on the 
discharges i that they are both accompanied by a lmv value 
dV (corresponding to "resistance" inmetallic onduction, of Jk~ 
where V=P.D.  and C--current), or a high conductivity of 
the gas. They are separated by a region of lmninous dis- 
charges accompanied by low conductivity of the gas. In 
other words, we have here got to a second saturated current 
succeeding a region of much ionization by collision, and sue- 
ceeded in turn by another stage of further apidly increasing 
ionization. 
There seem to be three possible explanations of this 
phenomenon :.-- 
(1) That a new sort of negative ions come into the field 
which produce fresh ionization by collision at this particular 
stage. 
(2) That we have here reached a value for the energy of 
the colliding corpuscle such that it knocks more than one 
new corpuscle off the molecule which it strikes. Or 
dV 
(3) That this second diminution of the value of -g marks 
dC 
the point at which the positive ions also begin to produce 
fresh ions by collision. 
The objection to the first of these hypotheses is that, at the 
low pressures here dealt with, it is not likely that the cor- 
puscles coming from the cathode can get loaded up by 
sticking to molecules of the gas, and so produce heavy 
negative ions. And we have hitherto no evidence of two 
kinds of corpuscles. 
As regards the second hypothesis, J. J. Thomson ~ has 
shown that the energy available for ionization by a moving 
corpuscle attains a maximum for a certain value of its 
velocity, and after that diminishes inversely as the square of 
the velocity, without any possibility of a further increase, at 
least if the corpuscles be assumed to repel each other with a 
force inversely proportional to the square of their distance 
apart. 
The third seems, on the whole, the most likely hypothesis, 
if we distinguish between the action of the positive ions, on 
the one hand, at the surface of the cathode in helping out 
the corpuscles which may be regarded as going on ordinarily t 
with small currents not exceeding this second saturation 
value ; and, on the other hand~ their action in ionizing the gas 
in the Crookes's dark space when the P.D.in creases till further, 
and the current in consequence rises again above its saturation 
value. But the fact that this "supersaturation curren*" 
~ conduction f ElectriciW through Gases,' pp. 344-3.~5. 
t J.J. Thomson, ibid. p. 480. 
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9"8 
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Cathode Fall from Hot Carbon. 205 
begins at a lower ]}.D. with increasing temperature of the 
cathode, might seem to indicate its being somehow directly 
due to the negative corpuscles which we know are given off 
ip large numbers by the hot carbon. The effect of these, 
however, is to lessen the steepness of the gradient at the 
surface itself, and to diffuse the field, as it were~ over a 
further distance, and so increase the region through which 
the positive ions may produce new ions by collision, while at 
the same time lessening the consumption of positive ions at 
the surface of the cathode. 
These considerations give a special theoretical interest to that 
par t  of the  curve  where  the cur rent  beg ins  to inc rease  aga in  
more  rap id ly than  the  cathode- fa l l  r ises. Anumber  of measure -  
ments  a t  th is  por t ion  of the  curve  are  shown in fig. 6 (p. 206), 
with  the  temperature  (R=R~) ,  p ressure  (p ) ,  and  d is tance  
in cms. from the cathode (d)marked on each curve. In 
T 11 atnes JI. and III., I have repeated the results for a couple 
of the curves which were takerL beyond the limits of this 
figure. 
TA~L~ II. TABLE llI. 
Ro='664, /9=0"32 mm. p=0"4~3 ram. R Ro--='591, 
Current. Cathode-Fall. 
Deflexion, Volts. 
28"75 = 10--3 amp. 
164"9 950 
140"8 910 
110,2 855 
9B'l 836 
66'0 770 
41"1 704 
68-0 785 
61"9 767 
39"1 698 
37"5 710 
33"6 694 
30'0 681 
24"7 6C~4 
20"4 651 
15"6 631 
15"5 63O 
12'3 622 
9-8 618 
7'0 591 
5'2 576 
4'68 573 
3"56 556 
2'03 530 
Observed 
Deflexion. 
16'8 
11'8 
8'8 
7'0 
10"3 
29'3 
23"3 
35"5 
44"5 
51"5 
21 "5 
28"1 
18"6 
30"4 
Current. 
Deflexion, 
28"75---- 10-3 amp, 
16-8 
1l"8 
8"8 
7"0 
10"3 
29'3 
23"3 
35"5 
44"5 
51 '5 
52.0 
74"5 
95"4 
f~3"2 
103'3 
115'5 
0athode-Fall. 
Yolts. 
570 
543 
52O 
501 
535 
6O7 
599 
630 
677 
691 
69O 
741 
785 
735 
824 
852 
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Cathode Fatl.t't'om Hot Carbon. 207 
In fig. 7 I have plotted three curves (for different currents 
((~) in the same units) showing the very sudden diminution 
in cathode-fall as soon as the temperature of the cathode 
exceeds a certain value which is higher for larger currents~ 
Fig. 7. 
~00')7 
600 
~O0 
P : 0.38 
65 .63 .~t RT -59 '57 .,55 
These are in entire agreement with the results published in 
my previous paper (lee. eit.), and need not be further dwelt 
upon here. It is often diftieult to trace the values of the 
cathode-fall round this sharp bend in the curve. 
In conclusion~ I have much pleasure in acknowledging my 
gratitude to Professor J. J. Thomson for the kindly and sug- 
gestive interest which he took in the carrying out of these 
experiments. 
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